Context: Previous studies about the relationship between nonalcoholic fatty liver disease (NAFLD) and diabetes are limited by inconsistent conclusions, mainly being cross-sectional and having a small sample size, no elderly people, or a lack of prediabetes.
on extrahepatic disorders, including diabetes, cardiovascular disease, metabolic syndrome, and other arteriosclerosis diseases (6, 7) . Additionally, study results have shown that diabetes and cardiovascular disease are the most common outcome and causes of death in patients with NAFLD (8, 9) . There have been a number of studies showing that people with NAFLD had onefold to fivefold risk of diabetes, which would cause multisystem complications and enormous economic burden (10, 11) . Animal experiments and cell research have shown that insulin resistance plays an important role in the pathological mechanism of NAFLD (12, 13) . Considering the basic physiological function of lipid metabolism in the liver, which is closely related to b-cell function and hyperinsulinemia, there have been many studies focused on the relationship between NAFLD and diabetes. Additionally, most studies have now come to the conclusion that NAFLD is one risk factor for diabetes incidence (14) . However, the relative risk (RR) value has been inconsistent, ranging from 1.33 to ;5.50 (10, 11) . Additionally, the sample sizes have been quite small, and only a few new diabetes cases could be obtained at the endpoint, which would cause instability for the models and inconsistent RRs (15) . Furthermore, the major participants were middle-aged, and little information was known about the elderly, which had many differences in physical function due to the aging process and had a higher risk of developing diabetes. Besides, most studies paid close attention to diabetes, and only a few added prediabetes as the secondary outcomes (15) . Considering the accelerated growth prevalence of both NAFLD and diabetes in China, as well as the huge aging population, it is urgent to examine the relationship between NAFLD and diabetes and prediabetes in a large cohort based on Chinese male elderly and to provide evidence for prevention and control.
Materials and Methods

Study population
All of the participants were retired army cadres that received routine health examination in the Chinese People's Liberation Army General Hospital, one of the biggest hospitals in China. This 5-year retrospective cohort study began in 2009, and the end time of follow-up was 2013. There were 30,924 participants who had complete medical records and other healthrelated information; 4324 participants who had diabetes and 5732 participants who had prediabetes at baseline were removed. Those who had hepatitis (mainly hepatitis B and C) (n = 291) and those who had the habit of heavy alcohol drinking (current ethanol intake .25 g/d, having lasted for .1 year) (n = 312) were also excluded, thereby leaving 20,265 participants in the cohort. Considering that females accounted for 9.6% (1758) of the total participants, only 18,507 male participants were left for further analysis. Fig. 1 shows the flowchart of participants' inclusion.
Data collection
A standard protocol and questionnaire were designed and used by specially trained doctors and nurses for the data collection in 2009. Information about general characteristics and lifestyles was collected by face-to-face inquiry, including age (for those who did not know their age, birth date was requested), sex, marriage status, current smoking, and alcohol drinking. Heavy alcohol drinking was defined as those who currently had mean ethanol intake .25 g/d, having lasted for .1 year. Disease history and use of medications were collected from previous medical records. Physical examinations, including height, weight, and blood pressures, were performed according to standard protocol. Overnight fasting blood samples were collected to test fasting plasma glucose (FPG), total cholesterol, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and alanine aminotransferase (ALT) on a Beckman Coulter automatic biochemical analyzer according to the manufacturer's instructions. Participants who did not have diabetes previously were asked to perform an oral glucose tolerance test, and 2-hour plasma glucose (2hPG) level was tested accordingly. Furthermore, all participants were asked to undergo ultrasonography by radiologists who had at least 5 years of experiences, and fatty liver disease was diagnosed according to established guidelines.
In 2013, for the follow-up survey, we performed the same examination following the standard protocol and procedure, and the diagnosis of diabetes and prediabetes was evaluated according to the Chinese guideline for type 2 diabetes. 
Definitions
Diabetes was defined as having one of the following criteria: (1) FPG $ 7.0 mmol/L; (2) 2hPG $ 11.1mmol/L; (3) having been diagnosed with diabetes before; or (4) having received drug treatment for diabetes or insulin injections regularly (16) .
Prediabetes was defined as positive for those who did not have diabetes but had one of the following two criteria: (1) 6.1 mmol/L # FPG , 7.0 mmol/L and 2hPG , 7.8 mmol/L; or (2) FPG , 7.0 mmol/L and 7.8 # 2hPG , 11.1 mmol/L (16) .
Nonalcohol fatty liver disease (NAFLD) was defined according to the 2010 Chinese revised version and was defined as positive when meeting the following criteria: (1) no special cause of secondary hepatic steatosis, such as alcohol drinking, hepatitis, or medicine; or (2) abdominal ultrasonography that showed diffused hepatocellular fatty degeneration, such as brightness, or decreased visualization of veins, or echo penetration fading (17) .
Body mass index (BMI) change was defined as BMI in the follow-up year minus BMI at baseline, and it was divided into three groups: ,21.00 kg/m 
Statistical analysis
Data were analyzed using SPSS 20.0 for Windows (SPSS, Chicago, IL). Data were expressed as means 6 standard deviation for continuous variables or number (percentage) for categorical variables unless otherwise specified. Incidence of diabetes and prediabetes was calculated by using person-years as the denominator. Comparisons between different groups were performed using a t test and one-way analysis of variance for continuous variables, and a x 2 test for categorized variables. Finally, the multivariable Cox proportional hazard model was performed to estimate the RR and 95% confidence intervals (CIs) for diabetes and prediabetes with NAFLD status. Reported probabilities were two-sided, and P , 0.05 was considered statistically significant.
Ethical consideration
Ethics approval was obtained from the Ethics Committees of the Chinese People's Liberation Army General Hospital (EC0411-2001). All eligible participants had given their written informed consent.
Results
The baseline characteristics of participants are shown in Table 1 . Of the total 18,503 participants, the mean age was 71.38 6 14.15 years, with 31.6% of total participants .80 years of age. The mean BMI was 24.58 6 2.67 kg/m 2 , and the percentage of overweight/ obesity was 60.1%. The prevalence of NAFLD was 18.77% (3474/18,503), and participants with NAFLD had higher BMI, blood pressure levels, blood lipid levels, and also higher ALT levels (P , 0.001). Compared with those who did not have NAFLD, those with NAFLD had a higher prevalence of hypertension and dyslipidemia (P , 0.001). Table 2 shows the comparison results of general characteristics according to different outcomes. Compared with the control group, participants who developed diabetes or prediabetes were older and had a higher percentage of overweight/obesity, hypertension, dyslipidemia, and especially a higher percentage of NAFLD.
Comparison of general characteristics according to different outcomes
Incidence of diabetes and prediabetes Table 3 shows the incidence of diabetes and prediabetes according to baseline NAFLD status.
The total 5-year incidence was 2.448% for diabetes and 10.628% for prediabetes. Additionally, the corresponding incidence density was 0.610 per 100 person-years and 2.670 per 100 person-years, respectively. Participants with NAFLD at baseline had a higher incidence of both diabetes and prediabetes.
RRs of diabetes and prediabetes according to NAFLD and BMI change
As shown in Table 4 , participants with NAFLD had significantly increased RRs for diabetes incidence. Table 1 ). When participants aged 60 to 64 years old (n = 5897, 31.9%) were excluded, the adjusted RRs of NAFLD for diabetes and prediabetes were slightly attenuated and were 1.718 (95% CI, 1.349 to 2.188) and 1.454 (95% CI, 1.296 to 1.631) (Supplemental Table 2 ). When participants with higher BMI level at baseline (.30 kg/m 2 ) (n = 2119, 11.4%) were moved, the adjusted RRs of NAFLD with diabetes and prediabetes were similar (Table 4 ; Supplemental Table 3 ).
Discussion
Owing to unhealthy lifestyles and rapid aging, both NAFLD and diabetes have shown an increasing prevalence in the past decade, especially in China, which had experienced a rapid development stage and was facing a series of health problems (3). Hence, revealing the relationship between NAFLD and diabetes is of critical importance and may lead to enhanced improvements in prevention and treatment of diabetes and subsequent cardiovascular events (7). This 5-year cohort study, based on 18,507 Chinese male elderly, revealed that NAFLD at baseline was of higher risk for both diabetes and prediabetes after adjusting for potential confounding factors. Additionally, the association was related to BMI changes. This would give patients with NAFLD early warning of diabetes and other metabolic disorders and encourage taking early prevention measures.
NAFLD has become a hot research topic in recent years. Considering its function on hepatic insulin resistance and adverse effect on glucose metabolism, there were a series of studies focused on NAFLD and its relationship to diabetes (14, 15) . Additionally, NAFLD was not only the conventional hepatic form of metabolic syndrome, but it can be regarded as an early predictor of diabetes and other metabolic disorders. A 10-year cohort study based on 3074 Japanese adults showed that NAFLD was associated with diabetes incidence, and the OR was 2.37 (95% CI, 1.60 to 3.52) (18) . A populationbased cohort study involving 508 Chinese middle-aged participants showed that the RR of NAFLD for diabetes was 4.462 (95% CI, 1.855 to 10.734) (15) . However, one study based on 840 Japanese adults showed no statistically significant relationship between NAFLD and diabetes (RR, 1.85; 95% CI, 0.40 to 8.51) (19) . In our study, based on the 5-year large sample cohort study, we showed a positive relationship between NAFLD at baseline and future diabetes (RR, 1.672; 95% CI, 1.361 to 2.052). The possible explanations that RRs ranged from 1.33 to 5.50 may be attributed to the severity of NAFLD (20) , general characteristics, and definition of diabetes (11, 15) . However, as we can see, most studies, including our research, came to the conclusion that NAFLD was associated with increased risk of future diabetes incidence. In the latest review about NAFLD and diabetes in 2016, researchers summarized 18 published papers and provided evidence that there is strong association between NAFLD and diabetes incidence, which is consistent with the results of this study (14) . Because most of the previous studies focused on middle-aged adults, this study filled the gaps of this relationship among elderly people. Furthermore, the results showed consistent conclusions, which means even in the elderly patients with NAFLD, there are still positive correlations between NAFLD and diabetes. For the relationship with prediabetes, there is also some evidence. A 7-year cohort study based on 141 volunteers from Israel showed that the OR of NAFLD for prediabetes was 2.93 (95% CI, 1.02 to 8.41) (21) . Another cohort study based on 508 Chinese showed that the RR of NAFLD for prediabetes was 1.642 (15) . Our research showed that NAFLD was positively associated with future prediabetes (RR, 1.336; 95% CI, 1.205 to 1.481). Prediabetes is an important risk factor and early stage of diabetes. Participants with prediabetes have a threefold to fivefold risk of developing diabetes in the following 5 years (22) . Our results about the positive relationship between NAFLD and prediabetes added the evidence that NAFLD increased the risk of future diabetes. Also, because we excluded participants with prediabetes at baseline and all the participants were relatively healthy, the statistically significant RRs demonstrated the causative role of NAFLD for diabetes.
In this study, we probed into the impact of BMI changes on the relationship between NAFLD and diabetes. We found out that the RRs were closely related to BMI changes. For those who had decreased BMIs during the 5-year follow-up, the RRs were lower, and for those with increased BMIs, the RRs were higher. This was in line with previous researches. A Japanese cohort study showed that there was a significant decrease of diabetes incidence in the BMI decrease group (18) . Intervention studies showed that exercise would reduce the probability of diabetes among patients with NAFLD (23, 24) . However, the mechanism was not clear. Whether BMI decrease improves the degree of hepatic steatosis, or BMI decrease has an effect on both NAFLD and diabetes, is difficult to strictly determine. Further cohort or intervention studies are required. Alternatively, although the mechanisms are unclear, we can still conclude that for NAFLD patients who had decreased BMI, the RRs were lower compared with those with stable or even increased BMI. That information is what physicians would provide for the patients and take early weight control measures.
This study has several strengths. First, a standard protocol was designed and strictly followed by specially trained doctors and nurses. All questionnaires and physical examinations were carried out according to a standard procedure. Second, the diagnosis criteria of diabetes included both FPG and 2hPG, which were better than part of the previous studies (which only used FPG) (25, 26) , and this means fewer misdiagnoses. Thus, all the participants who developed diabetes could be found and the relatively correct RRs could be calculated. Third, this study had a large sample size, which gave us enough power to construct a stable Cox model to calculate RRs. Fourth, we analyzed the impact of BMI changes in the relationship between NAFLD and diabetes. Because the study had a large sample, the subgroup analysis also had adequate statistical power. Additionally, the subgroup analysis showed clearly how BMI changes have impacted the RRs of NAFLD for diabetes.
Also, there were several limitations in this study. First, participants were retired army cadres who received health check-ups from the Chinese People's Liberation Army General Hospital, which means the participants had relatively higher socioeconomic levels and better medical care than do average people. Second, we have information from only one follow-up in 2013, 5 years after the baseline survey. There may be some changes and missing information during the 5 years. Third, the information about lifestyles, especially about drinking alcohol, was recalled by the participants or the caregivers, and there may have been some recall bias. Finally, the diagnosis of NAFLD was not through biopsy but through ultrasonography. However, in the Chinese guidelines and most guidelines, liver biopsy is not recommended but is also applicable with high sensitively and specificity in all the participants. Ultrasonography is the most applicable and convenient way to diagnosis NAFLD (17) .
Conclusions
In conclusion, this 5-year follow-up study showed a strong, independent association between NAFLD with both diabetes and prediabetes among Chinese male elderly living in Beijing. It also provides additional evidence that this relationship was closely related to BMI changes. Early screening and intervention for NAFLD patients should be used, and early prevention measures, including weight control to decrease future diabetes incidence and related disease burden, should be taken.
